The idea of generating electricity from plastics itself sounds enthralling, but it is equally challenging to achieve in the lab and then take it to the production level. Polymer Solar Cells (PSCs) have the advantage of lower cost and flexibility but they do suffer from problems like low efficiency and smaller service life which is mainly due to limited absorption spectra, poor charge mobility and the degradation of the polymers. A combination of narrow band donor and fullerene derivative is one of the possible approaches to fabricate a working device. In this work, various experimental techniques have been optimised in order to achieve better efficiency of the PSCs in atmospheric condition. Optimized parameters from polymer mixing ratio, spin coating, annealing and others were used to enhance efficiency of device. Parameters were optimized with the help various techniques viz. Viscometer, Thermo Gravity Analysis, UV-vis spectroscopy, Scanning Electron Microscopy and I-V measurement system. We report 0.76% efficiency in these solar cells, which were fabricated in open atmospheric condition. The as-prepared device showed a good performance with an opencircuit voltage (V oc ) 0.74 V, short circuit current (I sc ) 0.6 mA, a fill factor (FF) of 35%.
Introduction
In the present times when the energy requirements are escalating steeply and global warming is becoming cause of concern for the nations across the world, renewable energy sources and especially solar energy shows us the light at the end of the tunnel. Solar market currently is ruled by Silicon based technology which itself suffers from the disadvantage of high cost due to requirement of solar grade silicon [1, 2] . In the recent times, conjugated polymers [3] have opened many windows of opportunities for the researchers and the industries by virtue of the advantage these polymers offer in terms of their conducting properties similar to that of semiconductors [4] , flexibility, environment friendliness and of course the ease of fabrication [5] [6] [7] [8] . All these features also assist in PSCs cost reduction [9] as compared to inorganic photovoltaic cell. Despite all these great advantages, PSCs suffer from several disadvantages such as low service life due to fast degradation and low efficiency [10] [11] [12] [13] .
In this work, fabrication of PSCs and improvements in V OC Å. And the value of kT(k being boltzman constant and T is the temperature) at room temperature is 25 meV. Now if we look into the process of electron hole pair generation in silicon solar cell, a photon is being absorbed and an exciton is being formed with the radius of 53 Å. Since the binding energy is of the order of 13.6 meV, a lattice vibration at room temperature which has the energy of 25 meV is sufficient to separate electron. If we apply similar treatment to a polymer in which the value of dielectric constant is K~3 which is very low. Hence we get E b of the order of 151 meV and r b as 15 Å. Therefore, we atleast need 6 kT's to separate exciton in PSCs and at room temperatures they recombine after a while and there is no energy coming out. To overcome this problem, in place of a single polymer, we have mixed two different polymers with different work functions. This is leading to formation of sharp junction and it may be sharper than 15 Å which consists of approximately 6-7 atoms. When an exciton comes in the vicinity of such a junction, this sharp field will pull out electron and hole apart, so the need of hetero materials in PSCs is inevitable. Further to avoid recombination at the defective interfaces, two different materials Aluminium and ITO with different work functions are used to pull the electron and holes to the respective electrodes. Ripping apart the exciton is the role of heterojunction and sweeping of electron and hole is carried by built in field. The process is depicted in Fig.1 . 
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Separation of Exciton into Electron and Hole. As discussed before, due to low dielectric constant of the polymers, it becomes difficult to break the exciton into electron hole pair and hetero materials are used in order to create a sharp junction which like a knife gets penetrated into exciton coming in the junction region, hence separating electron from the hole. Also since the diffusion length of electron hole pair is very less, Bulk Hetero Junction (BHJ) concept is being used, wherein a blend of two polymers is formed after mixing in some kind of organic solvent.
Collection of Electron and Hole.
When the blend of two polymers is formed, it acts like a bicontinuous interpenetrating network. This bicontinuous interpenetrating network functions as the collection mechanism for the electrons and holes. As seen in the Fig. 4 , gray circles are the donor polymer and the black lines represents fullerene, they can be imagined to be fully inter percolated.
So if electron is transferred from donor polymer to the acceptor, it can find its path to the electrode.
For this, 10-20 nm link scale is required to avoid losing electron hole pair before they reach their respective electrodes. further experiments towards coating of active layer [3] .
Fabrication of the Device. The stack with different layers of fabricated cell is shown in Fig. 5 This was followed by thermal annealing at a temperature of 120 °C for 10 minutes. After the layer drying, the substrate was coated with the active layer solution. The parameters for spinning the active layer solution were optimised from 750 rpm to 1500 rpm for a period of 60 seconds. We got best results on the basis of unifrormity and thickness of the film with 750 rpm. Hence we continued furhter experiments with that parameter. The substrate was again subjected to thorough annealing at a temperature of 120 °C for 30 minutes. Second electrode was deposited by vacuum evaporation technique. The aluminium electrode was deposited on the active layer at pressure of 1 x 10 -6 Torr.
The solar cell was then taken out of the vacuum chamber and subjected to testing in IV measurement system. 
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Simultaneous Thermal Analysis (STA). The degradation mechanism in PSC depends upon the intensity of the incident light and annealing of the material. Solar cell has to be exposed to the incident sunlight to create charge carriers. As discussed in theory, in order to achieve spinodal decomposition, thermal annealing plays an important role. TGA/DSC of the MEHPPV and PCBM revealed that they reduce to their weight percentage of 95% at the temperatures 150 °C and 205 °C respectively as shown in Fig. 7 . Based on this data, the annealing temperature during the experiment was optimised to 120 °C. Fig. 7 . Simultaneous Thermal Analysis (STA) of polymers to assess suitable temperature for annealing to avoid degradation.
Rheological Measurements.Viscosity is a measure in terms of resistance of a fluid which is being deformed by shear stress. Put simply, the less viscous the fluid is, the greater its ease of movement (fluidity). This measurement will be helpful especially when the solar cells are in production. If
PSCs are printed with ink jet technology, the period for which the solution of polymers is transferred from Tank to the thin film, the viscosity should not change beyond limit. In case due to sheer stresses 26 Nano Hybrids Vol. 5
the viscosity changes, it will result in change in the thickness of the active layer, which can be deteriorate the output of the solar cell. The change was observed for a period of 1 minute at different stress rates. The graph between viscosity and sheer rate is shown in Fig. 8 . Scanning Electron Microscopy. The active layer of the cell was subjected to Scanning Electron microscopy (SEM) after annealing for 10 minutes at a temperature of 120 ºC, which is shown in following Fig. 9 . In this image a quasi periodic structure can be observed. The contrast seen in the image is because of the cluster of carbon atoms in PCBM. Though there will be carbon atoms in polymer, but large cluster of carbon atoms in the PCBM is responsible for this contrast. The phase separation introduced between two polymers can be clearly made out, which is also called as spinodal decomposition.
IV Measurement. The I-V characteristics of the as-prepared devices under AM 1.5 illumination with an intensity of 100 mW/cm 2 are shown in Fig. 10 . The recorded parameters of the solar cell are tabulated in [4] .
Comparison between parameters of cells is shown in Table 1 . Therefore, changes in the coating technique and organic solvent helps to improve the packing density of the film which leads to increase the efficiency up to 0.76% in the open atmospheric condition. IV Curve is shown in Fig. 10 .
Values of I SC , V OC , FF and PCE employed in this study as measured on samples under ambient atmosphere conditions, AM 1.5 spectral distributions and 100 mW-cm -2 . Fig. 10 . IV curve of the fabricated cell under the standard test condition AM 1.5 Nano Hybrids Vol. 5 
Summary
In this paper, we have demonstrated a straightforward approach to fabricate a PSCs with decent photo conversion efficiency in an open atmospheric condition. To achieve better efficiency, we optimised all the nesessary parameters and carried out the fabrication of PSCs using the best recipe.
Also the improvement was observed when we brought a change in the coating technique and organic solvent. Rearrangement of polymers by spinodal decomposition was also observed well brought out in this paper. With the open atmosphere process it is very easy to prepare PSCs for large scale applications. Further improvement in efficiency is still required for commercial viability of PSCs.
